hislopii on the physiology of Biomphalaria glabrata submitted to treatment for 24 h. The concentrations of glucose, uric acid and total proteins in the hemolymph and of glycogen in the digestive gland and cephalopodal mass were determined. The LD 50 value was 1 mg/l. The highest escape index was found to be at a concentration of 0.6 mg/l. The results showed that the latex of E. splendens var. hislopii caused a sharp reduction in the reserves of glycogen in the digestive gland and elevation of the protein content in the hemolymph of B. glabrata.
Physiological changes in Biomphalaria glabrata
The use of molluscides as one of the strategies to control schistosomiasis began in Brazil in 1976, with the creation of the Special Schistosomiasis Control Program by the National Health Foundation (Machado 1982) . The product used in the program was niclosamide, an ethanolamine salt of 2',5-dichloro-4'-nitrosalicylanilide, manufactured under the trade name Bayluscide  , whose efficacy had previously been established (Gonnert 1961) . Application of this product caused biocidal action on non-target plants and animals (Andrews et al. 1983) , besides causing genotoxicity and carcinogenic effects (Vega et al. 1988) . The high cost (Pieri 1995) , the possibility of recolonization of breeding grounds (Sarquis et al. 1997 (Sarquis et al. , 1998 , and the ecological toxicity of this product were limitations on its use as an official molluscide in government programs to control schistosomiasis.
At the same time, various plants were tested as natural molluscides. Jurberg et al. (1989) studied over 340 species, pointing out the Euphorbiaceae and Sapindaceae families as having the greatest number of species with effective molluscidal potential. The following species have been studied: Anacardium occidendale (Pereira & Souza 1974) , Euphorbia pulcherrima, Euphorbia splendens, Caesalpinia peltophoroides, and Stryphnodendron adstringens (Mendes et al. 1984) . Of these, E. splendens stands out for its molluscidal activity in doses under 0.5 mg/l, eight times smaller than the lethal dose for fish (Vasconcellos & Schall 1986) .
Some questions have arisen in the selection of plant molluscides, such as: toxicity, availability, annual growth, adaptability to different local conditions, and location of molluscidal activity in parts of the plant that easily regenerate, such as the leaves. To be eligible for use, a product must be storable and remain viable for at least one year; be physically and chemically stable; have ethnobotanical value; and be easy to extract and apply, preferably in aqueous extracts (Kloos & McCullough 1982) . Considering all these criteria, in 1998 the Oswaldo Cruz Institute (IOC, Fiocruz, RJ) obtained a biotechnology patent on a method to collect, extract and apply E. splendens var. hislopii latex as a molluscide (Vasconcellos 2000) .
In the published works on plants with molluscidal action and their standardization, recommended by the WHO, emphasis is placed on the use of products with high snail mortality at low doses. Histological studies with snails submitted to the action of chemical or natural molluscides demonstrate that the LD 50 can produce histological damage to the snails, with changes in their vital functions, or death, depending on the affected organ , Araújo et al. 2002 , São Luiz 2003 .
The objectives of the present study were to determine the lethal dose and identify the physiological effects as a function of sublethal concentrations up to LD 50 using the latex of E. splendens var. hislopii against B. glabrata.
MATERIALS AND METHODS
Obtaining the latex of E. splendens var. hislopiiSamples of E. splendens var. hislopii latex were collected in the autumn from plants cultivated in plots near the Biology Department, Oswaldo Cruz Institute (Fiocruz), in Rio de Janeiro, Brazil. The latex was collected as described by Vasconcellos and Amorim (2003) , on the same day the tests were conducted.
Raising B. glabrata in the laboratory -Specimens of B. glabrata (Belo Horizonte -BH lineage), kept at the Fiocruz Helminthology Department in Rio de Janeiro were used. The snails were placed in 30-liter polyethylene aquariums, with dechlorinated water. The average water temperature was 28.5 ± 1 o C and the relative humidity varied from 70 to 78% throughout the experiment. Three times a week we cleaned the aquaria and fed the snails ad libitum with lettuce leaves (Lactuca sativa L.). All the specimens of B. glabrata used in the experiments had shell diameters between 8 and 10 mm.
Determining the lethal and sublethal concentrations of the latex of E. splendens var. hislopii -Using the recently collected latex, an aqueous stock solution at a concentration of 100 mg/l was prepared, and from this prepared solutions at the different concentrations for use in the bioassays. This procedure follows the methodology described and employed by Vasconcellos and Amorim (2003) and recommended by the WHO (1983) and by Mott (1987) .
The following concentrations were tested: 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0 and 10.0 mg/l. Balloon flasks (1000-ml) were used and the volume of each solution divided into two 500 ml beakers. Ten specimens of B. glabrata (BH lineage) were placed in each recipient at each concentration, and exposed to this solution for 24 h (Vasconcellos & Amorim 2003) . Two beakers received 500 ml of distilled water without latex, with ten snails in each beaker, as a control group. None of the snails was fed during this period.
After the latex exposure period, the snails were removed from the flasks and rinsed in distilled water to remove the residues, noting the number of dead specimens. The snails that presented water-leaving behaviour to the solutions at each concentration were separated, placed in glass cups containing 50 ml of distilled water, kept there for another 24 h, counted and eliminated from the experiment. Those that remained in the solutions during exposure were kept in other recipients containing 500 ml of distilled water for a further 24 h (recovery period). During this period, they were fed fresh lettuce leaves.
The dead and surviving animals were again counted 48 h after the test. The hemolymph of the surviving snails was extracted by cardiac puncture and each sample placed in an Eppendorf microtube. The snails were then dissected without anesthesia for separation of the digestive glands and cephalopodal mass, in order to analyze the glycogen content. All the biological materials were kept in ice baths during collection and stored at -18 o C, for subsequent processing and analysis.
The lethal dose concentrations (LD 90 ) were calculated using a program employing probit analysis (Finney 1971) .
Biochemical assays -Concentrations of glucose, uric acid, urea and total proteins were determined in the hemolymph of B. glabrata snails exposed to the different concentrations of latex of E. splendens var. hislopii (expressed in mg/l). To determine the total proteins, we used the technique described by Lowry et al. (1951) . For the other determinations, we used laboratory diagnosis kits (Doles Reagentes).
Extraction of the glycogen from the digestive gland and cephalopodal mass followed the technique described by Pinheiro and Gomes (1994) . The concentrations of glycogen were determined by reaction with 3,5-dinitrosalicylic acid (DNS) (Sumner 1924 ) and expressed in mg of glucose/g of tissue, fresh weight.
Three repetitions were performed of the spectrophotometric readings.
Statistical analysis -The results of biochemical assays were expressed as mean ± standard deviations and subjected to a variance analysis test (ANOVA) to the Tukey-Kramer test, and to Student's t-test for unpaired data for comparing the means (α=5). Polynomial regression tests were used to verify the significance of the relation between the alterations observed and the latex concentration.
RESULTS
Determining the lethal and sublethal concentrations - Table I shows the molluscidal activity of the different concentrations of aqueous solutions of the latex in natura of E. splendens var. hislopii against B. glabrata.
The lethal concentration (LD 90 ) was 2.3 mg/l and the sublethal concentration (LD 50 ) was 1 mg/l. The mortality of B. glabrata was directly proportional to the latex concentration applied, with rising concentration (χ 2 = 16.03, G.l = 13, p > 0.05). There was no mortality in the control group without latex.
With doses below LD 50 an increasing number of snails left the water: 25% at concentrations of 0.2 and 0.4 mg/l, and 30% at 0.6 mg/l (Table I) . Table II shows the levels of glycogen and free glucose in the hemolymph of B. glabrata in function of the dose of E. splendens latex. There was no significant difference among the glycogen contents in the tissues of B. glabrata in function of exposure to different latex concentrations. There was a significant difference for the free glucose content in the hemolymph of the snails treated with a latex concentration of 0.4 mg/l when compared with the other groups.
By polynomial regression analysis, the concentration of glycogen in the digestive gland of B. glabrata showed a significant negative relation (r 2 = 0.80) with the latex concentration. However, the relation between the content of this polysaccharide in the cephalopodal mass showed a weak positive relation (r 2 = 0.64) (Fig. 1) with the concentrations tested.
The regression test demonstrated a weak negative relation between the glucose content in the hemolymph and the different concentrations of E. splendens latex (Fig. 2) .
Significant variations of protein content were observed in the treated snails with different concentrations of latex (15) 16 ( 
DISCUSSION
Because there have previously been no studies conducted on the physiological effects of the action of E. splendens var. hislopii latex on B. glabrata, the main intermediate host of S. mansoni in Brazil, at the concentrations recommended by the WHO (Mott 1987) , this study is groundbreaking. The objective is to minimize the environmental effects on the limnic ecosystem.
As there are small seasonal variations in the lethal latex concentration against Biomphalaria tenagophila recorded by Schall et al. (1992) , we conducted the present study with latex collected during one season, autumn, in order to avoid seasonal variations in the composition, and thus in the latex's effect on the snail.
The high escape percentage observed at concentrations of 0.2, 0.4 and 0.6 mg/l are in accord with data cited in the literature, such as the studies by Pieri and Jurberg (1981) , Jurberg et al. (1985) and Sarquis et al. (1997 Sarquis et al. ( , 1998 , where the various authors associate this movement to the toxic properties of natural and synthetic molluscides. This behavior shows an attempt by the snails to escape from an environment whose conditions threaten their survival. Jurberg et al. (1985) found that the water-leaving behavior was observed less often when the snails were exposed to concentrations nearer the lethal and sublethal doses. This response was also observed in our study when the snails were kept in latex concentrations above 1 mg/l. Probably this response is due to a high level of intoxication, impairing their ability to move.
According to Thompson and Lee (1986) , mollusks have very precise mechanisms to regulate glycemia. Hence, the significant elevation observed in the glucose content of the hemolymph of B. glabrata exposed to a concentration of 0.4 mg/l of E. splendens latex, in the present study, might be evidence of a break in the glucose homeostasis in the snail's organism, which was not observed at the other concentrations used. Similar changes were described by Livingstone and Zwaan (1983) . The existence of glycostatic mechanisms was also pointed out by Liebsch and Becker (1990) , who observed an elevation of the glycemia and the hemolymph volume in snails that were starved, while these levels were lower in those infected with S. mansoni. when compared with the control group (Table III) , showing a gradual increase with increasing latex concentration. Regression analysis revealed a strong positive relation between the total protein content in the hemolymph of B. glabrata and the latex concentration (Fig. 3) . The degradation of proteins caused by the latex led to changes in the concentrations of the nitrogenous products, urea, and uric acid (Figs 4, 5) .
The peak glucose level in the hemolymph coincides with the concentration at which the lowest concentration of total proteins was observed. According to Christie et al. (1974) , most of the hemolymph glucose originates from gluconeogenesis, which agrees with the results obtained in the present study. Liebsch et al. (1978) observed that in anesthetized snails, the hemolymph glucose content was altered, demonstrating a relation between the hemolymph glucose content and muscular activity of B. glabrata. In our study, the rise in the glycogen content of the cephalopodal mass could be related to the reduced ability to move shown by the snails exposed to higher latex concentrations. Other physiological stress processes, such as intoxication by heavy metals, immobilize the animal, generating a distress syndrome (Nolan et al. 1953 , Harry et al. 1957 , Duncan 1987 , providing backing for our observations.
Changes in the metabolism of carbohydrates and proteins have been observed in snails submitted to other plant extracts with molluscidal activity. Adewunmi et al. (1988) verified that both Bayluscide  and the plant Tetrapleura tetraptera reduced the carbohydrate and protein contents in tissues of the cephalopodal mass and digestive gland of B. glabrata. Alcanfor (2001) found a reduction in the glucose content in the hemolymph of B. glabrata subjected to treatment with Stryphnodendron adstringens, S. polyphyllum and Caryocar brasiliense, all plants of the Brazilian cerrado (savannah regions). Regarding the level of total proteins in the hemolymph, this author verified that extracts of the leaves of S. adstringens and C. brasiliense reduced the level of proteins in 12 to 24 h in comparison with the control group. She also observed histological alterations in B. glabrata subjected to these extracts, with degeneration of the digestive gland, but without elevation in the total hemolymph protein levels.
The rise in the content of total proteins in the snails could be related to the acceleration in the development of gluconeogenesis with the progressive level of intoxication caused by higher concentrations of E. splendens latex. The use of latex at a sub-lethal concentration (1 mg/ l = LD 50 ) suggests the occurrence of injury to the organs of B. glabrata. Araújo et al. (2002) and Pile et al. (2002) demonstrated histological changes, describing degeneration and tissue death in snails submitted to intoxication from products with molluscidal activity. Bode et al. (1996) observed that in B. glabrata exposed to an extract of Tetrapleura tetraptera, there was an increase in the number of secretory cells and reduction in the number of digestive cells in the digestive gland, and also an intense autolysis of membranous structures, such as those of the Golgi complex, mitochondria and endoplasmic reticulum. These alterations could lead to cell lysis, resulting in the release of a large quantity of proteins, mainly from cells of the digestive gland. This change was also observed by Pinheiro et al. (2001) , through an increase in the TGO levels in the hemolymph of Bradybaena similaris submitted to severe starvation. These alterations are in agreement with those recorded for the physiological response of mollusks to distress, such as starvation, estivation and infection with S. mansoni (Becker 1980 (Becker , 1983 .
The breakdown of proteins triggered as a response to intoxication by the latex in the present study led to the changed concentrations of the nitrogenous excretion products, urea and uric acid. From the beginning of the intoxication process, the snails' uricotelic pattern is altered, with a peak of uric acid in those exposed to a dose of 0.6 mg/l. The uric acid concentrations demonstrate that in the period when there was a peak concentration of urea in the hemolymph, the nitrogenous products that otherwise would have been excreted as uric acid were probably instead excreted as urea, a less toxic metabolite, which can be stored in greater quantity and eliminated more easily by the organism, since it lives in a watery environment. Starting from this concentration value, the snail began to show a predominantly uricotelic excretion pattern, in physiologically distressed animals the urea cycle accelerates and they begin to excrete uric acid in higher concentrations (Becker 1980) .
Considering that the latex of the plant was demonstrated as one of the most promising molluscicides, minimizing the environmental effects on the limnic ecosystem it can be utilized as alternative control of B glabrata, the main intermediate host of S. mansoni. This study is the first that evaluated the physiological effects caused by molluscicides in B. glabrata and results can motivate further investigations.
